ABSTRACT Asiatic rice borer, Chilo suppressalis (Walker), larvae cause extensive crop losses worldwide. Because chemical control is problematic, and sex pheromone applications are a valuable management tactic in China, judicious timing of a minimal density of pheromone dispensers is important in developing a cost-effective C. suppressalis IPM program. During JuneÐOctober in 2011, 20, 30, 40, and 50 dispensers per hectare for mass trapping, and 200, 300, 400, and 500 dispensers per hectare for mating disruption were placed in northeastern China rice Þelds. Based on those results, only the two highest mass trapping densities were used in 2012Ð2013. The 40, 50, and 500 dispenser densities reduced egg masses to Ͻ2.0 per 100 tillers, compared with Ͼ9.5 in the insecticide-treated plots in 2011Ð2013. The reduced oviposition resulted in Ͼ85% reduction of larval damage, which was comparable with the currently used insecticides, dimethoate and deltamethrin (0.35 kg/ha), which gave no egg reduction, but Ϸ80 and 89% reduction in larval damage. The 40 and 500 densities are recommended to Chinese rice farmers for mass trapping and mating disruption programs, respectively.
two to three egg masses (each containing Ϸ70 eggs) on the leaf tips. During the tillering stage of rice, larvae sever the vascular system, causing the interior leaf of the tiller to wilt and thus create a dead heart. In the ßowering stage, panicles are severed at their base, creating white heads with unÞlled grains (Chen and Klein 2012) .
Chinese rice farmers normally suppress Asiatic rice borer with insecticides such as synthetic pyrethroids and organophosphates, which are only effective between egg hatch and plant penetration by the young larvae (Sasmal et al. 1983 , Tao et al. 2006 , He et al. 2008 , Huang et al. 2011 , Chen and Klein 2012 . This restriction results in serious difÞculties in timing insecticides application and has resulted in excessive chemical use for Asiatic rice borer suppression. This has resulted in serious damage to the environment and consumersÕ health. Recently, most pyrethroids and organophosphates, especially the commonly used Thimet, have been banned by The Chinese Agriculture Ministry and Insecticides (Public notice: 194, 199, 322) .
The above restrictions have favored the use of sex pheromones in either mass trapping or mating disruption as nonchemical Asiatic rice borer control methods, and make them good choices for avoiding the negative effects described above. This also makes them a good Þt for IPM programs which use a combination of biological, mechanical, cultural, and chemical means to control pests while reducing pesticide resistance and limiting chemical exposure. Mass trap-ping and mating disruption with sex pheromones can reduce the pest population by luring males into traps or permeating synthetic pheromones in the atmosphere to disrupt the mating process by decreasing the encounters between males and calling females (Casagrande 1993 , Teng et al. 1993 , Cardé and Minks 1995 , Pingali and Roger 1995 , Byers 2007 , Litsinger 2009 , Chen and Li 2011 , Weinzierl et al. 2012 . Both mating disruption and mass trapping can reduce pest populations, and have had fair success in the control of various insect pests, such as leafroller moths, Argyrotaenia velutinana (Walker) (Novak and Roelofs 1985) , the oriental fruit moth Kirsch 1990, Trimble et al. 2004) , codling moth, Cydia pomonella L. (Mani and Schwaller 1992) , tortricid moths (Stelinski et al. 2004) , scolytid beetles (Byers 1999) , and other invasive species (El-Sayed et al. 2006 ). In addition, the theoretical basis and modeling the mechanism of mating disruption and mass trapping have been evaluated (Cardé 1990; Cardé and Minks 1995; Miller et al. 2006a,b; Byers 2007 Byers , 2008 ).
An effective attraction radius (EAR) is a primary parameter in mass trapping and mating disruption tests. Once an optimal EAR has been established, male moths can be effectively inßuenced by the dispenser plume or competitively attracted to pheromone dispensers rather than calling females (Daterman et al. 1982; Cardé 1990; Mani and Schwaller 1992; Stelinski et al. 2004; Miller et al. 2006a,b; Byers 2009 ).
Field trials have been conducted for both mass trapping (Beevor et al. 1990 , Tatsuki 1990 , Kondo and Tanaka 1991 , Casagrande 1993 , Kondo et al. 1993 , Su et al. 2003 , Chen et al. 2006 , Zheng 2007 ) and mating disruption of Asiatic rice borer (Gaston et al. 1967, Cardé and Minks 1995) . In addition, mating disruption has been the primary choice for Asiatic rice borer management in Spain (Casagrande 1993 , Howse 1998 . In Jilin Province in northeastern China, mass trapping was conducted on 90,000 ha (or Ͼ1% of Þelds) in 2011, and on Ͼ1,000,000 ha in 2013. However, no information is available from China on the optimal EAR for mass trapping or mating disruption. Therefore, various dispenser densities were tested for mass trapping and mating disruption from 2011 to 2013 to determine the optimal densities of dispensers.
The Asiatic rice borer sex pheromone was Þrst identiÞed as a two-component blend of (Z)-11-hexadecenal and (Z)-13-octadecenal (Ohta et al. 1975 (Ohta et al. , 1976 Nesbitt et al. 1975) , and soon a third component, (Z)-9-hexadecenal, was discovered by Tatsuki et al. (1983) . This blend, in a ratio of 48:6:5, of the Z11Ð16: Aldehyde, Z13Ð18: Aldehyde, and Z9 Ð16: Aldehyde (Tatsuki 1990 , Cork 2004 , with an aldehyde stabilizing agent butylated hydroxytoluene (BHT), has been used in commercial controlled release formulations .
Our objective here was to compare mass trapping and mating disruption at various dispenser densities with traditional management relying on insecticides, on the basis of male captures, egg mass numbers, and damage control. The hypothesis is that mass trapping or mating disruption gives similar results to chemical insecticides. If this hypothesis is supported, this technique may be recommended to farmers. Here, the dynamics of adult Asiatic rice borer was also monitored with pheromone traps to optimize the timing of mass trapping and mating disruption applications by reducing the cost of dispensers and their replacement.
Materials and Methods
Field Trial Location and Layout 2011-2013. Tests were conducted in ca. a 17 ha rice paddy in Jilin Province, Shuangyang County, Changchun, China. A canal, Ϸ2.5 m in width and 500 m in length, runs through the Þeld cutting it into two parts (14 ha and 3 ha), but leaving them equally exposed to Asiatic rice borer adults. The rice Þelds were bounded by corn on three sides and by a small town on the other. Those Þelds and the village restricted movement of Asiatic rice borer from other near by rice Þelds as shown in previous studies (Chen et al. 2003 (Chen et al. , 2007 Chen and Klein 2012) . In 2011, the larger Þeld was divided into 24 plots (83 m in length and 30 m in width), with 12 for the four densities of mating disruption (200, 300, 400, and 500 dispensers per hectare), and the other 12 for mass trapping (20, 30, 40 , and 50 dispensers per hectare). Each density was replicated three times with Ϸ30 m (a 20 m buffer plus 10 m from the pheromone dispenser to the plot edge) between treatments. A 20 m buffer will eliminate interactions between traps based on our Þeld results in 2010. The pheromonebaited traps then were set up with 5, 10, 15, 20, 25, and 30 m between traps in plots and replicated three times. The results showed that when the distance was Ͼ15 m between two traps, captures were similar (12 Ϯ 1.2b, 8 Ϯ 0.9c, 14 Ϯ 2.3a, 15 Ϯ 3.2a, 15 Ϯ 2.9a, 15 Ϯ 4.1a). This shows that if the distance is ϾϷ15 m, there would be no interaction between traps. The smaller Þeld was divided into 12 plots (83 m ϫ 30 m), nine for three chemical treatments (Cygon, deltamethrin, and Cartap) , and three for controls. In addition, the plots were randomized each year between 2011 and 2013.
For mating disruption, dispensers were placements at 7 by 7, 5.7 by 5.7, 5 by 5, and 4.5 by 5.7 m, and were 22 by 22, 18 by 18, 16 by 16, and 14.2 by 14.2 m apart for mass trapping. Dispensers were Þxed at the top of rice plants for mating disruption and put in the traps for mass trapping on 20 May. Lures were supplemented on 20 June, 25 July, and 1 September, and the last set of traps and lures were removed on 10 October. Sex Pheromone and Chemical Insecticide. The pheromone dispensers for mass trapping and monitoring were green rubber septa impregnated with 0.2 mg of the synthetic sex pheromone (Z11Ð16Ald; Z13Ð 18Ald; Z9 Ð16Ald, 48:6:5) at 95% purity, with n-hexane as a solvent (Cork 2004) , and with 5 mg for mating disruption. The mass trapping lures were produced and provided by the fourth author (S. C. -F.). Mating disruption lures were from Pherobio Technology Co. Ltd. (Puandian Road 206, Beijing China) and had an iron hook placed in its bottom (1.2 cm in length with an elliptical sharp end at 0.3 cm) for Þxing septa securely in the rice canopy. The bell shape of the septa provided protection from rain.
Cartap, deltamethrin, and Cygon (0.35 kg/ha; 40, EC, provided by Jilin Bada Insecticide Group Co., Ltd., 9 Xixinhua Road, Gongzhuling 136100, China), at 6 g/liter were applied on 13 July in 2011, and only the later two on 8 July 2012 and 4 July 2013 ( Fig. 1) , followed by two more sprays at 4-wk intervals (Chen et al. 2003 , Tao et al. 2006 , Chen and Klein 2012 . The insecticides were applied at Ϸ230 liters/ha at 0.6 MPa with a knapsack sprayer (model: M9w-315207, Beijing Zhongyuan ScientiÞc Company, Beijing, China), equipped with a swirl nozzle (BJ64348 Chengdu Density Swirl-nozzle ScientiÞc Company, Chengdu, China).
Application Timing. Population Dynamics. An automatic water-supplemented pheromone trap (Chen and Klein 2012; Chen et al. , 2013 ) was used to assess male moth activity as a trigger for mass trapping and mating disruption in the three years, to compare moth populations between 2011, 2012, and 2013, and to evaluate the possible carry-over effect of 2011 applications. Nine traps were divided into three groups and placed diagonally in the control plots from 1 May to 30 October during the three years. All plots had the same rice variety (Jinongda 19), as well as weather, water, and soil conditions, and had been planted with the same rice cultivar for Ϸ20 yr. Both the overwintering and Þrst-generation Asiatic rice borer commonly emerged in these Þelds. Traps were mounted on 1.2-m bamboo sticks with the trap bottom 60 Ð100 cm above ground (at least 10 cm above the rice canopy), and placed 20 m apart to give Ϸ7.5 mg of pheromone per hectare based on previous work (Sheng et al. 2002 (Sheng et al. , 2003a Chen et al. 2003 Chen et al. , 2007 Chen et al. , 2013 . Traps were examined and moths removed and counted every 48 h, and lures were replaced every 5 wk.
Correlation Between Captures and Damage Rate. Based on previous studies, three factors determined application timing: 1) when accumulated captures reached Ϸ16% of the total captures of the overwintering Asiatic rice borer moth emergence. This was Ϸ2100 per trap in previous studies (2009), and determined to be a reliable standard (Sheng et al. 2003a; Jiao et al. 2004 Jiao et al. , 2006 Chen et al. 2003 Chen et al. , 2007 Chen and Klein 2012) ; 2) when the linear correlation between cumulative captures and dead shell plants is Ϸ2% (larvae bore into the stem, causing the inner leaf to turn brownish and wilt, thus creating a dead shell plant; Chen and Klein 2012); and 3) when daily captures equal those from the past six days. The simultaneous occurrence of these three factors triggers the Þrst application.
To help establish the linear correlation above, a paddy (Ϸ0.5 ha) located at the 2011Ð2013 Þeld site was selected in 2009, and three traps were set out. Asiatic rice borer adults were counted and removed daily from 1 May to 1 October. When the cumulative captures per trap exceeded 200 moths, the egg masses and dead shell rates were investigated 5 and 15 d later for establishing a correlation between cumulative captures and % dead shells.
Evaluation of Treatment Efficacy. Treatment efÞcacy of both mating disruption and mass trapping was determined by counts of egg masses, captures of male moths in pheromone-baited assessment traps, larval sampling, and crop damage. Although the absence of egg masses and trap catches are good indications a technique is effective, the percent of dead hearts and dead heads found in each treatment provides the best assessment , Sheng et al. 2003a , Chen et al. 2007 , Chen and Klein 2012 . Egg Masses. Four 10-m 2 areas were randomly selected from treated and control plots, and Asiatic rice borer egg masses were counted on 400 tillers diagonally across each area. Sampling was done on 1, 10, 20, and 30 July. The average number of egg masses per 100 tillers was calculated and pooled over the season for analyses Pheromone Trap Captures. Three pheromone traps per plot were placed diagonally across the treatments resulting in 24 traps in both mating disruption and mass trapping plots in 2011and 18 traps in 2012, plus 12 traps in both chemical and control plots in 2011 and 9 traps in 2012Ð2013. Captures in treatment and control plots were compared to assess the treatment efÞcacy. Reductions of moth catches in mass trapping and mating disruption treatments, compared with captures from insecticide-treated plots also indicated efÞcacy. Mass trapping efÞcacy was established as follows: % Control ϭ (average catches per treatment trap minus average catches per control trap, controls are the nontreated plots as opposed to insecticide-treated plots) divided by average catches per control trap ϫ 100.
Crop Damage Assessment. Evaluating damage to rice gives the best parameter for treatment efÞcacy. From a 20 yr Indian dataset, 1% dead hearts caused 2.5% yield loss, 1% white heads caused 4.0% loss, and 1% dead hearts or dead heads resulted in 6.4% loss (Liu 1990, Bandong and Litsinger 2005) . These damages are also the main cause for the rice productions losses in China and the best measure available (Sheng et al. 2003a , Chen et al. 2007 , Chen and Klein 2012 . Here, plant damage was evaluated in late September 2011, by selecting Ϸ800 tillered rice plants at random from a pile of harvested plants from each trial plot (Chen and Klein 2012) . Damage was established from white heads and dead heads, and the quantity and location of Asiatic rice borer larvae.
Data Analysis. Egg mass counts, larval samples, and trap capture data were transformed by sq root (x) and crop damage by log (x ϩ 1), to normalize the data. After transformation, data were analyzed by RMANOVA using SAS software (version 9.1 2003), followed by TukeyÕs test to establish statistical differences. Captures, plant damage, egg masses, larval samples, and controls were the variables, and accumulated captures and the dead shells were the interactions tested in the TukeyÕs test.
To test the correlation between captures and damage rate, data of the captures and the dead shell from the season were each pooled, giving 10 pairs of data for the correlation formulation. R 2 was determined and the P value was obtained by TukeyÕs test. For mean egg mass reductions, plant damage control, larval control, and capture reductions, data from 2011 to 2013 were pooled and transformed by arcsine (x) for analyzing with RMANOVA, followed by TukeyÕs test.
Results
Application Timing. Capture Data. The Þrst overwintering moths were captured in late May, and the captures steadily rose for Ϸ3 wk to a peak, and then dropped (Fig. 1) . Following an increase to 50 Ð 60 moths per day ca. 30 July, captures quickly dropped to single digits. Between mid-August and mid-September, a new, but smaller, Asiatic rice borer generation was captured.
On 20 June, 3 July, and 27 June, 2011Ð13, captures averaged 56 Ϯ 3.3, 46 Ϯ 5.4, and 49 Ϯ 3.8 per day, respectively. In these three years, this was ca. 3ϫ the previous six days captures and indicated a trigger for treatments had been met.
Correlation Between Captures and % Dead Shell. The mean captures of Þrst-generation Asiatic rice borer were 2,038 per trap (CV ϭ 0.14) over that ßight period in 2009. Similar numbers of moths (1,969, 2,000, and 2,096) were captured during this study in 2011, 2012, and 2013 . Between 1 May and 30 October, a signiÞcant correlation between cumulative captures and dead shell rate showed when captures reached ca. 971 the % dead shell reached 2% (Fig. 2) . On 20 June, 3 July, and 27 June, 2011Ð2013, captures reached 968, 998, and 972, respectively, and the damage thresholds were reached. By 11, 18, and 15 June, 2011Ð2013, 16% (315, 320, and 331 moths) of the Þrst generation were captured. Taking into consideration the damage thresholds in 2011Ð2013, plus the other two factors, applications were made at the critical moth emer- (Fig. 3) , the 200 dispensers per hectare mating disruption plots (AV: 8.6), compared with the 300, 400, and 500 dispensers per hectare mating disruption (AV: 1.9, 1.7, 1.3), and 30, 40 and 50 dispensers per hectare mass trapping treated plots (AV: 1.7, 1.6, 1.6) in 2011Ð2013. Egg masses were reduced by the other pheromone treatments, signiÞ-cantly so in the 500 dispensers per hectare mating disruption, and 50 and 40 dispensers per hectare mass trapping treatments from the insecticide and other pheromone-treated plots. Slightly reduced numbers of egg masses were found with the middle densities, but they were not signiÞcantly lower than the control (Fig. 3) .
Trap Captures. During the Þrst generation in 2011, assessment traps captured many moths in the chemical treatments, and even more in the controls, but the differences were not signiÞcant (Table 1) . During the whole growing season, average catches were reduced with all the mass trapping and mating disruption densities. Average catches from both generations in the two higher mass trapping and mating disruption plots Means Ϯ SD. Reduction (moth per trap in ck Ϫ moth per trap in treatment/moth per trap in ck) differed signiÞcantly among treatments, the Þrst generation (2011: F 10,22 ϭ 36.44, P ϭ 0.0001; 2012: F 7,16 ϭ 107.9, P ϭ 0.0001; 2013: F 7,16 ϭ 99.6, P ϭ 0.0001; average: F 10,22 ϭ 49.3, P ϭ 0.0001) and the second generation (2011: F 10,22 ϭ 124.5, P ϭ 0.0001; 2012: F 7,16 ϭ 19.22, P ϭ 0.0001; 2013: F 7,16 ϭ 36.9, P ϭ 0.0001; average: F 10,22 ϭ 101.8, P ϭ 0.0001). Numbers in a column followed by the same letter are not signiÞcantly different (0.01%).
a Mass trapping. b Mating disruption.
were signiÞcantly less than the other pheromone treatments (Table 1 ). This correlates with control obtained where 50 dispensers per hectare mass trapping and 400 and 500 dispensers per hectare mating disruption provided Ͼ85% control, followed by 40 dispensers per hectare mass trapping and 300 dispensers per hectare mating disruption (Ϸ80%) and 30 dispensers per hectare mass trapping (Ͼ79%) in both generations 2011Ð2013 (Table 1) . Both 40 and 50 dispensers per hectare for mass trapping, and 400 and 500 dispensers per hectare for mating disruption provided signiÞcant reductions in moths captured when compared with other treatments in 2011Ð2013 (Fig. 4) . Crop Damage. SigniÞcantly less damage was found with mass trapping at 40 and 50 dispensers per hectare, mating disruption at 400 and 500 dispensers per hectare, and the insecticide treatments with Cygon and Deltamethrin in 2011 (0.83, 0.80, 0.90, 0.88, 1.11, and 1.15, respectively) than mass trapping at 20 and 30 dispensers per hectare, or mating disruption at 200 and 300 dispensers per hectare (1.96, 1.7, 2.55, 2.29, respectively), with no signiÞcant difference between these latter treatments ( Table 2) . Mass trapping at lower rates had more damage in these three years. The lowest rate of mating disruption and the control had the highest damage. SigniÞcant differences in damage were observed between the three treatment groups when treatment types were pooled for analyses, but there were no signiÞcant differences within the groups. Overall, 40 and 50 dispensers per hectare mass trapping, 400 and 500 dispensers per hectare mating disruption, and the insecticide provided ca. 80 Ð 89% damage reduction in 2011Ð2013 (Fig. 4) .
Comparison Between 2011, 2012, and 2013 Population Dynamic Pattern. High captures of Asiatic rice borer were recorded in the control area from 15 May to 8 August, 2011 (Fig. 1) , but trap catches per plot were relatively lower in 2012 and 2013 during the same time (Fig. 1) . In 2011, average captures per assessment trap that represent the average moth population in the control were 17 Ϯ 1.3 in the Þrst generation and 10 Ϯ 2.1 in the second, while in 2012 and 2013 captures in the same plots were 13.9 Ϯ 3.2 and 12 Ϯ 2.8 and 12 Ϯ 1.9 and 8 Ϯ 1.2, respectively. The population patterns for the two years closely match from mid-August to 7 October, suggesting that a negative population effect from any source had dissipated by the second generation of Asiatic rice borer, whereas the Þrst generation population was apparently affected by some factor, possibly the previous pheromone use.
Discussion
Asiatic rice borer is distributed over most of China, and damage sometimes reaches 30% despite the use of insecticides (Gao et al. 1987 , Qin et al. 1991 , Directorate of Rice Research [DRR] 2004, Chi et al. 2005 , Litsinger 2009 ). There have been previous studies on using sex pheromone as mating disruption techniques for Asiatic rice borer control, especially in Europe by Casagrande (1993) , Howse (1998) , and Alfaro et al. (2009) , which encouraged us to try to gain similar control in China, but with less pheromone and more convenient dispensers. This work was also stimulated by studies against other Lepidoptera pests. For example, Witzgall et al. (2008) and Stelinski et al. (2008 Stelinski et al. ( , 2013 successfully used red rubber septa as sex pheromone dispensers at densities of 35, 215, and 1100 dispensers per hectare, with Ͻ1.5 g (AI)/ha to control pests such as the citrus leafminer, Phyllocnistis citrella Stainton (Lepidoptera: Gracillariidae). In addition, Su et al. (2003) also used rubber septa in successful mass Control efÞcacy (% damage in ck Ϫ % damage in treatment/% damage in ck) differed signiÞcantly among treatments (2011: F trapping in China, and Yang et al. (2001) and Wang et al. (2011) controlled Asiatic rice borer with mating disruption, but they did not use rubber septa for pheromone release. In this study, three applications of pheromones for mating disruption with 400 and 500 dispensers per hectare provided comparable control to chemical and used only 7.5 and 6.0 g of pheromone per hectare during the entire growing season (2.5 g/ha per application with three applications). These doses are probably less than that used by Casagrande (1993) and similar to that used by Alfaro et al. (2009; Ͼ6.4 g/ha) for Asiatic rice borer control in Spain. With all of the interacting factors in such Þeld tests, it is possible that lack of signiÞcant differences between treatments may be due to a lower power in the evaluations, which may make selected results somewhat equivocal. However, it does not change the basic Þndings of successful suppression of Þeld populations at the higher rates tested.
We used a lower dose in the Þeld, and gained comparable control to that of Casagrande and Alfaro et al. for the following possible reasons: First, rice only grows in northeastern China from early June to early October and the long cold winter results in less than two full Asiatic rice borer generations a year. In addition the second generation in China is considerably smaller than the Þrst (Fig. 1) , resulting in much reduced second generation pressure and damage (Chen et al. 2003 (Chen et al. , 2007 Sheng et al. 2003a; Chen and Klein 2012) . Second, we used rubber septa dispensers that probably released pheromone over a longer Þeld life, and were supplemented with new dispensers. Previous studies (Su et al. 2001 , Sheng et al. 2002 , Jiao et al. 2003 showed rubber septa still had Ϸ37% of their initial pheromone activity after a yearÕs storage at 20ЊC and its Þeld life can be six weeks to two months. Additional low-load septa were added twice during the tests, rather than removing septa from the traps. Based on the above observations, the older septa would have provided additional pheromone to the newer septa for mating disruption action. More importantly, pheromone trapping probably works well in temperate climates like northeastern China where only one rice crop per year is grown moth ßights are synchronized by generation. In tropical areas, moths are ßying at various times and distinct generations are difÞcult to deduce from trapping data or damage counts. In the tropical areas, Asiatic rice borer is the most highly adapted stem borer worth those climates (Reissig et al. 1986 , Litsinger et al. 2006 . Special dispensers with high pheromone doses have been used in mating disruption studies in some countries. However, mating disruption in northeastern China with 750 septa per hectare resulted in 84.9% Asiatic rice borer control (Yang et al. 2001) . This investigation found similar control with a lower dose per dispenser and reduced dispenser densities. In addition, there is little wind during the rice growing season in northeastern China, and this prolongs the septaÕs Þeld life and enhances the effect of the mating disruption (Sheng et al. 2002 (Sheng et al. , 2003b Jiao et al. 2003) .
Mass trapping with pheromones at 45 dispensers per hectare in Heilongjiang Province (the northernmost province in northeastern China) in 2013 provided Ϸ80% control (Liu et al. 2013) . That density is similar to what was used in this trial. In addition, Wang et al. (2011) used 30 dispensers per hectare in Liaoning Province (southernmost province in northeastern China). Because this study on mass trapping trial in Jilin Province evaluated 20 Ð50 dispensers per hectare, the results indicate 40 dispensers per hectare can be recommended to farmers for mass trapping of Asiatic rice borer in northeastern China.
Crop damage assessment is the best way for showing the efÞcacy of mating disruption (Karg and Sauer 1995, Howse 1998) or mass trapping (Sheng et al. 2002 (Sheng et al. , 2003a Chen et al. 2007 ). Here, and in previous studies, a correlation between cumulative captures and rice damage was established to obtain an optimal application time for the important overwintering generation of Asiatic rice borer. Jiao et al. (2004 Jiao et al. ( , 2006 reported that when the cumulative captures reached 870, there will be Ϸ2% damaged tillers. That coincides nicely with what was found here, showing our correlation equation is accurate and valid, and can be used in northeastern China. Furthermore, combining the three factors, i.e., the sharp increase in captures, initial peak date, and the correlation equation, is a novel method to accurately establish application timing.
Moth capture patterns from 2010 and 2011 were shown and discussed by Chen and Klein (2012, Fig. 2) . The captures for all three years were very similar and identiÞed the important Þrst generation peak as midJune, indicating the best time for treatments. Historically in northeastern China, the Asiatic rice borer Þrst appears in mid-May, and pheromone applications were started ca. 25Ð30 May (Sheng et al. 2003a; Chen et al. 2007 Chen et al. , 2010 . Results here showed that pheromone application could be applied before peak ßight, ca. 20 Ð30 June, when the damage threshold is reached, therefore saving one entire application of lures. This saves signiÞcant lure and application costs, especially in mating disruption treatments, while still obtaining acceptable control with lower pheromone costs.
Compared with chemical insecticides, pheromones provide obvious advantages. Application of pheromones for managing stem borers provides farmers with crop protection that is user and environmentally friendly. In addition, pest reductions may last more than one season which is consistent with previous work by Jiao et al. (2003) and Sheng et al. (2003a) . Furthermore, chemical treatments require a period of Ϸ20 d between the last application and harvest. This prevents the need for treating the second-generation moths in northeastern China.
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